The relationship hetween the directivity of infrasound emitted by an axial blower, rotational speeds of the impeller, hlade type, thickness of hlade trail edge, and infrasonic noise radiated hy the blower is studied through experiments. Therefore, the infrasonic radiation law is revealed. Furthermore, a theoretical basis for infrasonic control of the axial blower is provided.
INTRODUCTION
Non-steady air current is the major source of aerodynamic infrasound. Owing to the interaction of the intake turbulence of the impeller, the eddy for releasing of the blade trail edge, the turbulence boundary layer of the blade, and so on. As a pneumatic device, the axial blower has a high level infrasonic energy radiation. In reference [3] , it has been indicated that the aerodynamic noise energy radiated by an axial impeller is mainly concentrated in a lower frequency range, especially in the infrasonic frequency bands, and the infrasonic energy adds up to 95 percent of the total acoustic energy radiated by the blower. So, revealing the infrasonic radiation law by studying the features of the pneumatic blower is not only useful for controlling its infrasonic radiation, but also hopefully for the optimization of design with lower infrasonic radiation. In this paper, various axial impellers will be taken as the experimental objects to study the relationship between the parameters of the blower construction and infrasonic radiation. Infrasound measuring and signal analysis system I. AC power 2. Regulator 3. Motor 4. Impeller 5. Sound level meter B&K2231 land microphone B&K4155 6. Tape recorder Sony 7. Oscilloscope 8. Dynamic signal analyzer SD375 9. Printer
DEVICE AND APPARATUS
The device and apparatus used in this experiment are sketched in Figure 1 . The motor is held on a rigid frame with three fulcrum bars, and the impeller is mounted on the motor spindle. The microphone and sound level meter are fixed on the tripod and located on the same horizontal line with the motor axis. Furthermore, the microphone can be moved on the horizontal plane around the axis. To prevent the regenerative noise by the interaction of the air current and the microphone, a nose cone is fixed in front of the microphone. We can conveniently record and analyze the infrasound radiated by various impellers. The types of the impellers used in this experiment are listed in Figure 2 . 
INFRASONIC DIRECTIVITY OF AN AXIAL IMPELLER
In order to analyze the infrasonic directivity of the axial impeller, we select the impeller type IV as the experimental object. With the system illustrated in Figure I , we can measure and test the radiation features of infrasound radiated by the impeller in various directions. In the experiment, the microphone is 1m away from centre of the impeller, and the infrasound signal is recorded on the tape recorder, then, third-octave frequency band analysis is completed on dynamic data analyzer SD375. The frequency spectra in the directions 0., 22.5" and 45°are shown in Figure 3 . Figure 4 illustrates the infrasound (0 to 20Hz) pressure level in several directions.
• 0 -.. The directivity of an axial impeller
It can be deduced from the analysis of Figure. 3 and Figure. 4 that: a
In the direction e=oo, the infrasound pressure level radiated by the axial impeller is highest. According as the increment of the angle e, the infrasonic energy decreases gradually. It can be known that the axial impeller infrasound has obvious directivity along its axis. b
Wherever the measuring point is, the infrasonic sound pressure level decreases accordingly to the increment of frequencies. In other words, the lower the frequency is, the higher the energy of the aerodynamic infrasound may be. c
In the lower frequency band range from 2 to 3.15 Hz, the infrasound frequency spectra in the directions 0°and 22.5" are similar. The peaks of both appear at 2.5 Hz. d
In the frequency range 5 -20 Hz, the trends of the infrasonic spectrum in the direction 22.5" are similar to that at 45°. e Axial impeller infrasonic energy is mainly concentrated in the direction 0°4
.
THE RELATIONSHIP BETWEEN AXIAL IMPELLER AND INFRASOUND RADIATION
By adjusting the input voltage of the motor with regulator, we can alter rotational speeds of the impellers. As for axial impeller type IV with various rotational speeds. the low frequency spectra are shown in Table I . Figure 5 illustrates the infrasonic frequency spectra with three speeds, and the measuring point is located I m away from the impeller. Infrasonic frequency spectra of impeller type IV with various speeds
As it is seen from Table I , the aerodynamic sound energy radiated by axial impellers is significantly concentrated in the range of infrasonic frequency band. Moreover, the faster the impeller rotates, the higher the infrasonic sound pressure level may be. It is also shown in Figure 5 that the infrasonic frequency spectra of the impellers working with various speeds are very complex. In the frequency bands ranged from 8 to 40 Hz, along with the increment of frequencies, the infrasound and the low frequency noise decreased gradually. In the frequency bands ranged 1.6 -8 Hz, the infrasonic frequency spectra vary greatly. As example, when n =1320 r.p.m. the infrasonic peaks appear in three frequency bands with middle frequencies 1.6 Hz, 2.5 Hz and 5 Hz; whereas n = 1000 r.p.m, the peaks concentrate in three frequency bands with middle frequencies 2 Hz, 4 Hz and 8 Hz.
It is obvious that the infrasonic peaks vary with the rotational speeds of the impellers, which is mainly of the blade surface. Accordingly, by adjusting the rotational speeds to alter the air flowing status, we can control the characteristics of infrasound radiation and the sound energy.
RELATIONSHIP BETWEEN BLADE TRAIL EDGE THICKNESS ANDINFRASOUND
Blade trail edge thickness has significant effect on release of vortex noise. In this section, we will take the axial iron impeller type III as the experimental object to study the relationship between them. The measuring results of the low frequency noise and infrasound are illustrated in Table 2 . Figure 6 shows infrasonic frequency spectra (for third-octave bands) of two kinds of iron impellers with different blade trail edge thickness. As it has been showed in Table 2 , when the blade trail edge thickness varies from 0.8mm to 4.0 mm, the linear sound pressure level of the blower increases by 1.7 dB in the frequency range 20-20,000 Hz, and the A-weighted sound level has a increment of 1.5 dB. Whereas, only 0.2 dB increment with infrasonic sound pressure level arises. It is thus clear that, the blade trail edge thickness has no obvious influence on infrasonic radiation. Although change of the blade trail edge thickness has no decided influence on general infrasound level, which can be seen from the third-octave frequency band spectrum illustrated in Figure 6 . It alters the frequency construction of the infrasound will reduce when the blade trail edge thickness increases. As we see it, this is because of the size alteration of edge eddy for releasing when the blade trail edge thickness changes, which causes the frequency of radiated sound to move into audio frequency bands. Moreover, when the trail edge thickness is up to 4 mm, the infrasonic energy in 3 bands with middle frequency 1.6 Hz, 3.15 Hz and 5 Hz is to some extent higher than that at 0.8 mm. Thus, although the alteration of the blade trail edge thickness has no decided influence on the general infrasound level, we can adjust the blade trail edge thickness for changing the infrasonic construction to reduce the influence on human body.
RELATIONSHIP BETWEEN BLADE TYPE AND INFRASOUND
The aerodynamic characters of the axial impellers vary with blade type. This section is involving in studying and analyzing the relationship between the blade type and the infrasound radiation. The impellers used in this experiment are impeller type I with radial blade and impeller type II with bent forward grazed blade. The experimental results are illustrated in Table 3 . Figure 7 shows the infrasonic frequency spectrum of two kinds of impellers.
TABLE 3
The relationship between the blade type and sound radiation It can be seen from Table 3 and Figure. 7: 1.
As for the general infrasound level, an impeller with bent blade is higher than one with radial blade.
2.
As for noise or the A-weighted sound pressure, the bent forward grazed blade is good for noise reduction. At the same speed, the A-weighted sound level of the noise radiated by the bent forward grazed blade has a decrement by 2 dB to that of radial blade.
3.
The altering scope of the linear general sound pressure level of radial blade is greater than that of the bent blade. 4.
The peak noise spectra of impeller with bent blade arises in the frequency band with middle frequency 2.5 Hz, whereas, the peak radiated by radial blade appears in the band with middle frequency 4 Hz. In the frequency range 5 -40 Hz, the sound pressure level of impellers with bent blades is always higher than that with radial blades.
CONCLUSION
I.
In the aerodynamic sound radiation of axial blower, the sound energy in infrasound frequency band is dominant, which adds up to nearly over 95 percent of the total sound radiation.
2.
Infrasound radiated by the impeller with axial blade has obvious directivity along its axis. In other words, the radiation is beamed forward. 3. The infrasonic energy radiated by axial impeller increases according to the increment of rotational speeds of impeller. At low rotational speeds, infrasonic energy in higher frequencies increases greatly with the increment of the rotational speeds; whereas at high rotational speeds, accordingly as the increment of speeds, infrasonic energy in lower frequencies has an obvious increment. 4.
The blade trail edge thickness of the impeller does not have significant influence on the general infrasound pressure level, whereas the alteration of the trail edge thickness may affect on the frequency construction. 5. The axial impeller with radial blades is helpful for infrasound reduction. ACKNOWLEDGEMENT This work is supported by national key projects of China (Grant No. PD9S2l909).
